UNCLASSIFIED

AD NUMBER

AD248512

NEW LIMITATION CHANGE

TO

Approved for public release, distribution
unlimited

FROM

No foreign distribution

AUTHORITY

NRL notice, 29 Jun 1998

THIS PAGE IS UNCLASSIFIED




UNCLASSIFIED

o 248 512

R -epmc[uaﬂd
by lhe

ARMED SERVICES 7 ECHNICAL INFORMATION AGENCY
ARLINGTON fALL STATION
ARLINGTON 12, VIRGINTA

——— .

UNCLASSIFIED




NOTICE: When govermment or other drawings, speci-
fications or other data are used for any purpose
other than in connection with a definitely related
govermment procurement operatiop, the U. S.
Government therety incurs no responsibility, nor any
obligation wnatsoever; and the fact that the Govert
ment may huave formulated, furnighed, or in any way
supplied the sald drawings, specificatione, or other
data is not to be regarded by implication or other-
wise as in any manner licensing the hcolder or any
other person or corporation, or cor.~vipg any rigbhts
or permisagion to menufacture, use :: =zl any
patented invention that may in any «uy be related
thereto.

volii-



NRL Report 5560

R

REMOVAL OF ORGANIC CONTAMINANTS FROM AIR
' BY TYPE 13X MOLECULAR SIEVE

o i P. Gustafson and S. H. Smith, Jr.

5 Inorganic and Nuclear Chemistry Branch
Y : Chemistry Division

. O

g

— )

=L <

< (2

RO o

December 6, 1960

U. S. NAVAL RESEARCH LABORATORY
Washingtor, D.C.




CONTENTS

Abstract

Preoblem Status

Authorization

INTRODUCTION
EXPERIMENTAL PROCEDURE

Adsorption
Reactivation

EXPERIMENTAL RESULTS
Isothermal Adsorption
Adiabatic Adsorpticn
Reactivation

EXPERIMENTAL ERROR

The Burette Error

Organic Vapor Dew Point Measurement
Capillary T-Connector Procedure

SUMMARY

REFERENCES

ii
ii

o B e .

Tt —-




ABSTRACT -

The adsorption of low contentrations of n-decane, methane, benzene,
toluene, xylene, pyridine, aniline, and nilrobenzene on type 13X Linde
molecular sieve has been studied at influent concentrations of from 5 to
over 100 ppm and superficial linear velocitie3s (velocities if no sieve were
present tc reduce the cross section)of up to 2000 cm/minute. The break-
throughweight capacity at a flow rate of 2500 cm/minute for a represent-
ative aliphatic compound (n-decane} was 10 wt-% of the sieve and for a
mononuclear aromatic (benzene) was 0.35 wt-%, at 25°C. Decreasing the
flow rate of the aromatic to 500 cm/minute increased the breakthrough
capacity to 2 1%,

Regeneration conditions were also studied. Water vapor readily dis-
places organic adsorbates (except high boiling polar compounds) at rooin
temperature. Therefore, mciecular sieve with coadsorbed water may be
reactivated by passing dry =:r at 200° to 325°C in the same direction of
gas flow as that used during the adsorption cycle. The coadsorbed water
will displace the sorbed organic compounds as it moves down the column,
whereas the organic materiz s wnuld be pyrolyzed in place if the water
were not there,

P2OBLEM STATUS
This is afinal reportonthis phase; work is continuing on other phases
of the problem.
AUTHORIZATION

NRL Problem C08-05
BuShips Project SF 013-08-03

Manuscript submitted August 31, 1960,
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REMOVAL OF ORGANIC CONTAMINANTS FROM AIR
BY TYPE 13X MOLECULAR SIEVE

INTRODUCTION

In studying a possible regenerative system for controlling the carbon dioxide level in
submarine atmospheres, it was also desirable to investigate the ability of such a system
to reduce the concentration of organic contaminants. Therefore the following compounds
were studied with regard to their adsorption and desorption on type 13X Linde molecular
sieve: methane, n-decane, benzene, toluene, xylene, pyridine, aniline, and nitrobenzene.

Type 13X molecular sieve is a synthetic sodium zeolite with a crystal structure con-
sisting (after removal of water) of mutually connecting intracrysialline voids which are
uniform in size and amount to some 51 vol-% of the zeolite. This particular iype of sieve
will admit molecules with critical diameters up to 13 angstroms. The internal surface
area is 700 to 800 square meters per gram and external surface area 1 to 3 square meters.

In this study the {ollowing parameters were investigated:

1. Organic vapor concentration was varied from 3 ppm to 10% (all gas concen-
trations are by volume unless otherwise stated).

2. Superficial linear velocity (the velocity if no sieve were present to reduce
the cross section) ranged from 50 to 4000 cm/minute (all velocity figures
are superficial unless otherwise stated).

3. Relative humidity ranged from 0 to i00%.
4. Gas temperatures were varied from 20°* to 30°C.

Regeneration conditions tried were (a) heat alone, (b) heat plus a purge gas of N,, air, or
CO,, and (c) replacement of the organic compounds by H,0 followed by desorption of H,O.
In addition replacement of sorbed CO, by organic vapors was studied.

EXPERIMENTAL PROCEDURE
Adsorption

The apparatus used for these measuremenis in shown sciiciatically in Fig, 1. It can
be divided into three functional scctions: (a) purification and flow regulation of the rarrier
gas stream; (b) introduction and homogeneous mixing of the organic vapor at a known con-
centration; (c) measurement of adsorption of the organic vapor by a determination of the
residual concentration in the effluent gas. The compressed air line was fitted with a filter
to remove any oil or particulate contamination and a regulator-reducer to reduce the
pressure from 100 to 12 psi. No pressure variation was noticeable on a manometer cali-
brated in mm Hg. The flow of this regulated air was controlled by a fine needle valve.



2 NAVAL RESEARCH LABORATGRY

AR LINE '_._O'_—-'o"b“

PRESSURE
REGUL ATOR

FLOW
RATE
METER
INTRCDUCT
MANOME TER B ORoNe
COMPOUND
CONSTANT [-
VOLTAGE s
TRANSFORMER |  |s ko v
T g A SAMPLE TUBE  MEATED
| | THREE oL SIEVE cu cow
- >
TC BRIOGE Y
QUTPYT STOPCOCK | ¢
RECORDER ’
DC AMMETER
{300 MAI
TRAPA  TRAP @
THERMAL CONDUCTIVITY DRY TEST
QUTLEY #—{- = - = -« === ==--- -— > > EFFLUENT

Fig. 1 - Molecular sieve adsorption apparatus

The following chemicals were employed in purification of the carrier gas. For
removal of CO,:

1. Lithium hydroxide fiiied a 2-liter suction flask; the exit end contained 10
grams of indicating soda lime.

2. Two hundred grams of potassium hydroxide pellets were placed in a drying
jar (overall height 300 mm).

For removal of H,O:

1. Indicating Drierite was used in two drying towers and one 500-ml suction
flask.

2. Magnesium perchlorate was placed in a drying tube (length 15C¢ mm).

3. Type S5A Linde molecular sieve (1/16-inch peliets) filled a 1000-ml suction
flask,

Organic contaminants were removed on type 13X molecular sieve (1/18-inch pellets)
in a drying jar.

Fifteen-gram 13X molecular sieve blanks in the sample container showed no increase
in weight in 64 hours (17,500 liters of air at 20°C). These blanks were run every weekend
unless an adsorption experiment was in progress.

The organic compound was introduced into the gas siream by three methods:

Method 1 was for organic vapor concentrations up to 10%. The organic compound was
fed from a 10-ml burette with 0.05-ml divisions spaced 4 mm apart. Uniform mixing was
assured by passing the organic vapor-air mixture through a 20-foot copper coil, of
1/8 inch inside diameter, heated to 200°C in a silicone oil bath.
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Method 2 was for organic vapor concentrations of 50 to 200 ppm; the organic com-
pound was placed in a 50-ml suction flask, stoppered with a two-hole neoprene stopper.
Inserted in the stopper were a 1/4-inch glase connector tube bent at a right angle and a
thermometer with a range of +50 to -50°C. The concentration of organic vapor picked up
by the carrier gas, which entered the flask through the side arm, was controlled by plac-
ing the flask in a dry ice-ethanol slush and maintaining {he temperature in the flask con-
stant. This was accomplished by adjustment of the level of the dry ice slush. For example,
with benzene in the flask at -76.8°C and the air stream temperature in the flask at -28°C,
the benzene dew point downstream was -57°C (180 ppm); with the air temperature inside
the flask at -32°C the dew point was -60.5°C (135 ppm). Close agreement (within 1/2%)
was obtained between the amount of organic vapor available to the sieve calculated from
the influcnt concentration using the Antoine vapor pressure equation (1) at the measured
dew point, and the amount actually adsorbed on the molecular sieve (determined &y weight
change).

Method 3 was for organic concentration of 1 to 20 ppm. The side arm of the same
50-ml suction flask was sealed shut, and the right-angled glass connector was replaced
by a T-shaped connecting tube, The carrier gas flowed through the horizontal arms of
the T-connector. The opening of the inserted vertical arm was varied from 0.1 mm to
3 mm in diameter, depending upon the organic vapor concentration desired and the vola-
tility. On removal of this flask from the adsorption train, the horizontal arms of the
T-connector could be sealed with rubber policemen and the assembly weighed on an
analytical balance. This method gave constant influent concentrations of organic vapor
for long periods when the flask was thermostated, The system was operated at 25° and
30°C, thus doing away with the necessity of a dry ice bath.

The sample tube dimensions were 1.52 ¢m in inside diameter and 16 ¢m in length,
When filled to a bed depth of 12 cm with activated type 13X molecular sieve, the tube con-
tained about 12 grams of material. This sample tube was imimersed in a constant tem-
perature bath.

The lot from which molecular sieve samples were obtained was periodically checked
for vestigial contamination by purging with dry N, at 300°C and measuring the weight
change. It was fourd that atmospheric gases, particularly nitrogen (2), would be adsorbed
to equilibrium in 2 matter of minutes at room temperature and atmospheric pressure,
the weight gain being nearly 1%.

A thermal conductivity cell analyzer (3) was used for the measurement of organic
concentrations above 25 ppm in the effluent gas stream. Three hundred ml/minute of the
effluent gas were passed through the thermal conductivity cell at its operating temperature
of about 43°C. The remaining effiuent gas bypassed the detection system and flowed
through a dry test meter into the room. Fifty grams of 13X molecular sieve were used
as the organic vapor adsorbent between the sample cells and the reference cells of the
thermal conductivity bridge. Since the cells were wired in a Wheatstone bridge circuit,
any difference between the rates of heat loss from the sample and reference filaments
would cause the bridge to become unbalanced to an extent proportional to the difference
in composition between the sample and reference gas — in this case the organic vapor
concentration.

For measurements of organic concentrations below 25 ppm a modified method of
Quiram, Metro, and Lewis (4) involving the use of traps containing silica gel at -76°C
was used in place of the thermal-conductivity-bridge system. Type 13X molecular sieve
replaced silica gel because the gas flow could not be maintained constant through the gel.
Activated charcoal at -78°C also gave variable flows. Another consideration, in addition
to maintaing a constant gas flow, was the degree of attraction between adsorbate and
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adsorbent molecules. Molecular sieves are capable of adsorbing both polar and nonpolar
organic compounds more strongly than activated silica gel (5). For example, at 25°C and
a partial pressure of 10 mm Hg, propane (a nonpolar aliphatic) will be adsorbed on tvpe
5A molecular sieve un to 7.5 wt-%, while silica gel sorbs only 0.5 wt-%. It i8 very prob-
able, at the temperature employed (-76°C), that molecules with critical diameters larger
than 13A will either condense on the external surface of the sieve or on the walls of the
trap. In employing this method the procedure was as follows: About 25 grams of molec-
ular sieve were placed in a giass-stoppered U-tube (1.5-cm inside diameter and 24 cm
long). Dow Corning high-vacuum grease was used to ensure airtight seals. Later rubber
stoppers wers used in place of glass and no weight gain was naticed on standing 24 hours
at room or dry ice temperatures for either the glass-stoppered or the rubber-stoppered
tube. During an adsorption experiment three of these tubes {marked traps A, B, and C}
were used. Traps A and B were placed in a dry ice-etharol bath. Any organic vapor in
the effluent from the molecular sieve sample tube was adsorbed (or condensed) in trap A;
traps B and C protected trap A from outside contamination. After a run was completed,
trap A was allowed to reach room temperature gradually, since molecular sieves adsorb
relatively large quantities of nitrogen and oxygen at dry ice temperatures (5) and the
rapid evolution of these gasses on warming might displace the adsorbed organic compounds,

It was found that 13X molecular sieve at 30°C would adsorb quantitalively & wide
range of organic vapor concentrations to a sieve loading of up to 1/3 wt-% at a gas velo-
city of 3000 cm/minute, for all the organic compounds tested except methane. This elimi-
natedthe need for dry ice cooling except as an initial check on the retention of each new
organic compound on the 13X molecular sieve. Therefore, traps A and B were not cooled
to -76°C, and it was possible to maintain a constant weight check on them.

The organic concentration of the effluent from the sample tube was calculated, for
small weight increments, hy the following formula:

mg trapped in A
effluent conc. (ppm) = g rappe X influent conc. (ppm).
mg influent

Since the effluent concentration was continually increasing after breakthrough, the calcu-
lated effluent concentration was really an average for that interval, but for small incre-
ments of adsorption it represents the true effluent concentration at the midpoint of this
adsorption interval. Thus the weight-percent sorbedinthe sample ata given time interval
was calculated in the following manner:

(wt of available)

(wt gain of)
organic vapor

trap A

wt-% sorbed = x 100.

initial wt of sieve sample
The amount of adsorbate available to the sample was determined by three methods:
1. From the sum of the weights gained in the sample tube and trap.
2. From the loss in weight of the T-tube-Erlenmeyer flask assembly.
3. By increasing the linear velocity of the carrier gas exactly 20% above the
described flow and diverting 1/6 of this new flow through another tube having
the same dimensions and weight of 13X molecular sieve (breakthrough capa-

city 2%). Thus the amount adsorbed in the second tube multipiied by five,
equaled the amount available to the sample tube.
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The organic vapor influent concentration was caiculaivd as foliows:

( mg available ) ( 22.41 ) (760) (zas temp. in °K)

ppnm = .
1000 litera gas/ \mol wt/ (273) (baro. press. in mm Hg)

Reactivation

. Reactivation studies on molecular sieves by heat, ritrogen purging, and water dis-
t placement were performed on 50-gram samples with bed length 12 ¢m and bed diameter
2.5 ¢, or on 12-gram samples with bed length 12 cm and bed diameter 1.5 cm. The
samples were heated in an oven with a purge of dry nitrogen {dew point below -76°C) at a
gas velocity of 100 cm/minute. For studies on the displacement of organic vapors by
H,O at room temperatures, the thermal conductivity apparatus was used in determining
the rate of organic compound displacement and the H, O breakthrough timme.

: A closed system regeneration apparatus was also set up. A 2-liter volume of air

was circulated at a velocity of 100 cm/minute through a 50-gram bed of 13X molecular
sieve, containing 4 wt-% n-decane and 5 wt-% H, 0. For measurement of temperature a
chromel-alumel thermocouple was placed in contact with the sieve. Heating was by a
Variac-controlled nichrome wire heater wound on the surface of the sample tube. The
temperature was increased at a rate of 11°C/minute for 25 minutes and then was held at
300°C for 15 minutes. During the heating cycle the evolved water and organic vapors
were frozen out in a cold trap at -72°C. The sieve was then sealed from the air in the
system, and the bed allowed to cool to room temperature. The regeneration was com-
plete and charring did not occur. However, charring did occur with a sample containing
4 wt-% in-decane without coadsorbed water. The regenerated H,O n-decane sample later
adsorbed 28% of its net weight at equilibrium with 25°C, 80%-relative-humidity air, indi-
cating that the closed system regeneration procedure did rnot decrease its capacity to
absorb water.

EXPERIMENTAL RESULTS
Isothermal Adsorption

Normal decane (Phillips 66, 99 mol-% minimum) was the {irst organic compound
investigated (Figs. 2-5). Over a wide range of concentrations, increasing the flow rate
from 500 c:n/minute to 5000 cm/minute reduced the breakthrough capacity, as measured
by the thermal ccnductivity apparatus, only 1-1/2 wt-% and the equilibrium capacity only
half of that (Fig. 2). This corresponds to contact times of 1.14 seconds to 0.114 second.

It indicates that the n-decane molecule experiences little difficulty in penetrating ihe pores
of the sieve, One would expect this from the iarge difference beiween their diameters, the
pore being 13A and n-decane 4.89A {6). Also since this compound has a relatively high
boiling point (174°C), the equilibrium weight capacity is higher than it would be for a lower
boiling nonpolar aliphatic.

With all factors constant except linear velocity, the required time for breakthrough
per unit length of sieve was found (Fig. 4) inversely proportional to the linear velocity
over a wide range of {lows for compounds that meet the following conditions: (a) the
critical diameter must be smali relative to pore size, and (b) if nonpolar, the compound
must have a vapor psressure comparable to water or lower. Molecules having diameters
nearly that of the pore, wiil require a longer contact time in order to enter the void. Thus,
for molecules in this category, doubling the flow rate may shorten the breakthrgugh time
to less than half the original value.
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When coadsorption of n-decane and H,O takes place on 13X sieve (Fig. 5), the weight-
percent of decane sorbed at breakthrongh drops sharply below what is sorbed from dry
air. For example, at a decane concentration of 100 ppm in air with 48% relative humidity
the organic vapor loading drops to 1 wt-% from a value of 10.1 wt-% with dry air; at the
same time 13.5 wt-% of water is adsorbed. This 18 to be expected since the concentration
of organic vapor is small relative to that of water. A sixfold increase in the decane con-
centration (R.H. still 48%) increases the breakthrough capacity to 4.4 wt-%; the weight of
water coadsorbed is 10 wt-%.

The above relationship did not hold true for coadsorption of CO, and H,0 on molecular
sieve. For example, 5A type molecular sieve at 20°C adsorbed 4.4 wt-% CO, at break-
through from dry air cuniaining i-1/2% C0O,. At 0% R.H. (H,0 = 8.76 mm Hg) 3.3 wt-§
CO, and 4.38 wt-% H,O were adsorbed, and at 100% R.H. (H,0 = 17.53 mm Hg) 2.2 wt-%
CO, and 8.76 wt-% H,O were adscrbed.

In general the adsorption bed is considered to consist of a water adsorption zone and
an organic vapor adsorption zone, The water continuously moves the organic vapor adsorp-
tion zone ahead of it (§). The amount of sieve available for organic vapor adsorption may
be estimated by subtracting the weight of sieve occupied by water {rom the original weight
of sieve material. The weight occupied by H,O may be roughly defined as:

wt-% H,O sorbed
total weight of active aieve X % H, ul .

H,0 breakthrough capacity in wt-%

Then the product of the weight of sieve available fur organic vapor adsorption times the
organic weight-percent capacity at breakthrough equals the weight of organic vapor capable
of being held by the sieve along with the known sorbed water. Since more than one organic
vapor impurity will probably be coadsorbed along with water, the compound having the
lowest breakthrecagh capacity should represent the group.

Type 13X sieve will adsorb at room temperature (25 to 35°C) about 2% of its weight
of benzene before breakthrough at 5 ppm and a gas velocity of 500 cm/minute (Fig. 6).
Increasing the flow to 2500 cm/minute decreases the breakthrough capacity to 0.35 wt-%.
The equilibrium capacity at this flow is 4.5 wt-%. The adsorption is isothermal at these
low organic vapor concentrations if water is not present.

At 100 ppm, 500 cm/minute, and 25°C the breakthrough capacity for benzene is 7.5%
(Fig. 7). Increasing the linear velocity to 2500 cm/minute lowers the capacity to 1.9%.
Lowering the influent temperature from 30°C to 20°C does not increase the breakthrough
capacity of the sievc by more than 0,2%, but it will increase the equilibrium capacity about
1.5% (Fig. 8). .

The moleculz: sieve capacity for toluene at breakthrough is nearly the same as for
benzene. At 25°C, 2500 cm/mimite linear velocity,and an iufluent concentration of 3.5ppm,
the breakthrough capacity is 0.4'% (Fig. 9). The equilibrium capacity at 3 ppm is 4.25 wt-%,
while for benzene the equilibriuis at 3 ppm is 2.8 wt-%.

Aniline because of its higher boiling point (184.4°C) would be expected to be adsorbed
on the sieve to a greater extent than benzene (B.P. 80.1°C) and this is borne out experi-
mentaily. Under similar conditions (temperature, 25°C, linear flow, 2500 cm/minute,
and concentration, 135 ppm) the breakthrough capacity for aniline (Fig. 10) is 4.6 wi-% as
compared with benzene’s 1.9 wt-%. The equilibrium capacity at 60 ppm is 11.5% whereas
for benzene it is 10.8 wt-%.
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The aniline dew point at breakthrough was -72°C. Since aniline’s boiling point is
nearly twice that of water, ine -72°C dew point of aniline indicates a concentration prob-
ably much less than 2 ppm. ‘

Figure 11 presents data for a low concentration of ritrobenzene, which is a high boiling
polar compound similar to aniline.

Table 1 summarizes the breakthrough weight capacities for the aromatic compounds
studied.

Under isothermai conditions doubling the path length did not increase the organic
compcund breakthrough capacity of the sieve material. This did not hold if tne adsorption
was adiabatic, i.e., with large concentrations of the organic compound and insulation of the
sieve bed. In the isothermal case, the gas contact time was doubled by doubling the path
length, but the time the gas remained in any single void (if adsorption did not take place)
was still unchanged. Aromatic compounds with critical diameters not larger than 10A
probably attain equilibrium with the sieve readily, and therefore for such molecules, the
effect of critical diameter on the breakthrough capacity should be negligible, (Equilibrium
is considered to mean that ali the surface area available for that particuiar influent con-
centration is filled,)

The adsorbed aromatics are firmly bound to the internal surface of the sieve (7,8). A
sieve sample containing 12 wt-% toluene retained all its adsorbate when flushed with puri-
fied air for 16 hours at a linear veiocity of 3000 cm/minute. The air used for flushing
flowed in the same direction as the ioluene-containing influent,
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Table 1
Breakthrough Weight Capacities at 25°C
on Type 13X Molecular Sieve
) Superficial .
Adsorbate Influssnt Conc. Linear Velocity W'exght:% ‘Sorbed
(ppm) (cm/minute) at Breakthrough
n-Decane 25 2500 10.0
n-Decane 100 2500 10.1
Benzene 5 500 2.12
Benzene 100 500 7.50
Benzene 5 2500 0.35
Benzene 135 2500 1.90
Pyridine 5 2500 0.40
Xylene 5 2500 0.55
Toluene 3.5 500 2.20
Toluene 3.5 2500 0.40
Toluene 100 2500 2.65
Aniline 135 2500 4.70
Nitrobenzene 15 500 2.90
Nitrobenzene 15 2500 1.38
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Table 2

Relative Benzene Retention Efficiencies
of Various Adsorbents

Percent Abhsorbed | Percent Ab3sorbed
Adsorbent at 30°C at 0°C
Activated alumina 0 0
Silica gel 0 100
Activated charcoal 80 90
Molecular sieve 100 100

Table 2 refers to the relative retention efficiencies of various adsorbents towards
benzene. The data for activated alumina, silica gel, and activated charcoal were computed
from the results of Philip West et al. (9) and compared with molecular sieve on the same
basis.

Type 13X molecular sieve will in many cases adsorb unsaturated or polar organic
compounds at low adsorbate partial pressures to a higher equilibrium weight capacity
than activated charcoal, silica gel, or activated alumina. For example, ethylene at
20 mm Hg partial pressure and 25°C is adsorbed by molecular sieve type 4A to zpproxi-
mately 6 wt-% at equilibrium, while charcoal’s equilibrium capacity is only 2.5 wt-% and
silica gel’s about 1.75%. Acetylene (at 25°C and 20 mm Hg) is adsorbed by molecular
sieve type 4A to 7 wt-%, by charcoal to 1.8 wt-%;, and by silica gel to 1.5 wt-%. Molecular
sieve at room temperatures adsoris lower weight capacities of methane or ethane at low
partial pressures (<20 mm Hg) than charcoal under the same conditions. However, in
general, activated charcoal will have a much lower equilibrium capacity for organic com-
pounds at low partial pressures than 13X moilecuiar sieve, and its retention ability (Table 2)
will also be infericr. (At high partial pressures activated charcoal’s sorbtive capai ity is
two to three times that of 13X gieve.)

Adiabatic Adsorption

The adsorption of water will raise the temperature of the =ffluent gas from a molecu-
ular sieve bed. Thus for an influent R.H. of 50% and flow of 2500 cm/minute at 25°C, the
effluent temperature wiii reach approximaiely 95°C. This will adversely affect the coad-
sorption of organic vapors. For example, under the same conditions of flow, temperature,
and R.H., the H,O dew point of the effluent gas will rise from -98°C (approximate water
concentration 0.02 ppm) to -70°C (2.5 ppm) when the adsorption is changed from isothermal
to adiabatic (5). The minimum effluent concentration of the more volatile mosoauciear
aromatics, such as benzene and toluene, will not be as low a8 this. Therefcre, if the con-
centration of the organic vapor effluent is tc be at or below 1.0 ppm, the organic adsorption
must be maintained isothermal (effluent temperature <40°C),

Reactivation

In general, a suificiently hot (150°C) purge gas wiil remove low boiling nonpolar
organic adsorbates from a bed containing only organic adsorbates. If temperaturz sensi-
tive substances are present, it i8 necessary to displace the organic adsorbate with water
vapor followed by removal of the adsorbed water (9). At room temperature, water will
displace the adsorbed organic (Table 3) provided no chemical rezction such as polymeri-
zation or decomposition has taken place. (Freon 22 decomposes with evolution of CO, on
5A molecular sieve at room temperature (10).)
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Table 3
Reactivation by Various Purge Gases
. -Decane | Decane
Duration | Temperaiure | Flow Rate n :
Influent (minutes) {°C) (cm/minute) S(:?_J;S st;()‘l%;ced

Air» 1200 20 2500 12,25 0
CO,t 1440 20 550 14.50 8.69
co, 2480 20 550 14.50 21.64
Air 960 125 0 13.90 48.42
Airt 72 20 2500 12.49 100.0

*Tube, 1.52 cm in diameter; bed height, 12 cm.
tTube, 1.95 cr. in diameter; bed height, 12 cm.
{H,O vapor ~ressure, 13.46 mm Hg.

Generally the higher boiling or muic polar organics will displace the more volatile,
less polar adsorhates. Decane, for example, will displace carbon dioxide.

The replacement of n-decane by H,0 occurs rapidly; in fact, water sorhs on the sieve
at the same rate as it would on clean sieve material (Table 4). Water replaced benzene,
toluene, xylene, pyridine, and aniline at room temperature, but heat in addition to water
was required for complete removal of nitrobenzene (Table 5). It is concluded, therefore,
that highly polar organic compounds would require heat together with H,0 (1,5) in order
to remove all traces of the organic rnaterials.

From closed system regeneration studies, it was found that coadsorbed water can be
used in reactivating molecular sieve by simply heating and purging in the same direction
as the gas flow during the adsorption cycle. The amount of sorbed water should be at
least equal to the weight of the coadsorbed organic compounds. Adsorbed water will
replace the organic adsorbate as it maves down the column. This procedure successfully
regenrated sieves containing water and one of the following coadsorbed organic com-
pounds, n-decane, benzene, toluene, pyridine, xylene, aniline, and nitrobenzene.

Table 4
H,O Breakthrough Time of 13X Samples Coadsorbing
n-Decane Compared With
Breakthrough Time of Organic-Free Samples

H,0O Breakthrough
Influent Influent H.O | Weight-% H,O | (minutes/cm of sieve)
" iacane | Vi Prosture| | IO o [ ecane | Bocns
Present Absent
0 10.94 17.08 - | 38
50 11.52 17.25 3.81 3.79
128 8.33 18.90 4.85 5.16
590 8.33 18.85 4.84 5.16
300 5.47 17.30 8.26 B.08
1255 5.47 17.60 8.39 8.22
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Table 5
Reactivation by Displacement With H,0*
Adsorbate Wse‘;\gl;;!% Af:al: ilg?stpiiﬁent
of Organic

H,O - 25.5
Benzene 10.85 27
Toluene 12.38 25.2
Xylene 13.28 25.0
Aniline 14.20 247
Nitrobenzene 2.04 18.96

sSample weight, 12 grams; air flow, 550
cm/minute at 20°C and 95% R.H. for 16 hours.
Desorption conditions for HyO: dry nitrogen
purge at 550 cm/minute and maximum temper-
ture of 260°C. The weight-percent of organic
absorbate remaining after H, O desorption was
zero for all absorbates listed.

The conditions of temperature and flow required for reactivation of moist sieve can
be seen in Table 8. Table 7 summarizes the various purge gas temperatures required
for complete regeneration at different purge gas dew points,

EXPERIMENTAL ERROR

The chief sources of error are: Burette readings, organic vapor dew point measure-
ments, and the capillary-T-connector procedure.
The Burette Error

The volume of liquid at breakthrough for an average sieve sample of 12 grams was
1.70 ml (n~decane). The reading errcr was about 1-1,°2 mm, corresponding to 0.01 ml.
Thus the probable error for this syetem was (.6%.
Organic Vapor Dew Point Measurement

Dew points at the -80°C range could be repeated within one degree. This resulted
in a possible error in the influent concentration of +4%.
Capillary T-Connector Procedure

The accuracy in determining 50-mg incremenis of adsorption by weighing the sample
tube, trap, and adsorbate bottle was +2 mg; the corresponding error was +4%.
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Table 6

Reactivation of H,0 Saturated 13X Samples at 1 Atmosphere
and Various Flow Rates*

Time
TOEE T | e | Orame 120 | VIS | megaired | B

125 200 9.5 23.46 1350 56.84
125 204 10.7 23.05 1330 85.05
195 612 10.8 28.27 210 81.60
125 1224 10.7 23.00 125 82.20

450 93.20
125 4082 11.0 23.70 268 86.40
205 102 11.2 23.28 190 94.64
205 407 11.9 24.71 285 100
205 1152 12.0 24.95 160 100
252 102 12.3 25.60 30 100
252 408 12.3 25.57 24 100
205 102 14.50 25.44 12 100

*Bed height, 15 cm:

active sieve material 45 grams.

SUMMARY

A 13X molecular gieve adsorption sy.*em for organic compounds has the foliowing

Table 7

Requirced Temperature for Complete
Regeneration at a Given Purge Gas Dew Point*

Purge Gas Dew Point Temperature
(H,0 Dew Point) (°C)
-40 343
-48 315
-57 260
-68 204

*Taken from Linde molecular sicve data sheets.

advantages over other adsorbent methods:

1. It furnishes a high degree of air purification at fast flow rates and low influent

concentrations.

2. For concentrations in a ppm range, it has high equilibrium capacities for most

bed diameter, 2.5 cm. Average sample weight of

organic vapors when compared with charcoal, silica gel, and alamina.

3. It has low pressure drops in comparison with adsorbent charcoal of the same

size.
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4, Molecular sieve has a high degree of thermal stability.

5. It shows long service life and consistent performance,

Its disadvantages are:

8.

1. A high tempevcature is required for regeneration to the sieve when water is
present.

2. If removal of organic vapor rontaminants to level below 5 ppm is desired,
adsorption cGii-'tions must be isothermal.
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